Abstract-Magnetooptic Faraday rotation in a strongly twisted singlemode fiber is measured using polarization-optical time domain reflectometry (POTDR) in which a light pulse of 904 nm wavelength makes a roundtiip along the fiber. The experimental results are in good agreement ,with the calculations, and the Verdet constant thus obtained is 0.86 X 10" min/G. cm at h = 904 nm.
T HE Faraday rotation of polarization in single-mode fibers is of great interest because of its applicability to current sensing on high-voltage transmission lines [ 11 - [4] . The quenching of the Faraday effect due to the linear birefringence, intrinsic or induced by bending, is greatly reduced by twisting the low birefringent fiber [3] . Yet, as the Verdet constant of silica fiber is very small, the single-mode fiber for a current sensor should be uniform and long enough for adequate sensitivity, which is somewhat troublesome. So, it is desirable to magnify the Faraday effect within the given length of the fiber. Usually, the magnetooptic current sensing has been accomplished by coupling CW light into a fiber and measuring the polarization state of transmitted light at the output. Recently, a new method for measuring the birefringence of single-mode fibers has been reported [5] - [7] . This is polarization-optical time domain reflectometry (POTDR), which is very promising in .various fields of single-mode fiber applications. We report here that POTDR is successfully applied for the first time to measure the Faraday rotation in a strongly twisted singlemode fiber, where the optical path is doubled along the fiber of fixed length.
A strongly twisted single-mode fiber with low intrinsic birefringence is the most suitable one for current sensing because the unwanted linear birefringence is quenched. The twist induced circular birefringence acts as a constant bias for the Faraday rotation and does not affect the sensing [3] . In such a fiber, the Faraday effect rotates the polarization direction of linearly polarized light propagating along the fiber through an angle
where V is the Verdet constant, H is the magnetic field, L is the length of the fiber and dl is the length element in the direction of the light propagation.
When the launched light reaches the far end face of the fiber, part of it is Fresnel reflected at the end face and guided back to the launching end. During the reflection process, the polarization state does not change [8] . The rotation of polarization due to the twist induced circular birefringence is completely compensated during the return trip [7] . Contrarily, the Faraday rotation accumulates; that is,
which is two times greater than that of (1). We verified this concept using POTDR as shown in Fig. 1 . A polarizing beam splitter is used in place of an ordinary beam divider [5] , [7] . No mirror is used at the fiber end to enhance the Fresnel reflection so that about 4 percent of the light intensity is reflected.
The linearly polarized light pulse with a 10 ns halfwidth and a repetition rate of 10 kHz from a 904 nm GaAs laser diode is coupled into the single-mode sensor fiber. The peak power of the light pulse is about 1 W. Of the reflected light pulse, the linear polarization component orthogonal to the launched polarization is directed by a polarizing beam splitter into an APD. The end reflection pulse signal is gated for display on the oscilloscope.
The extremely low birefringent single-mode fiber (0 = 2"/m at 904 nm) [5] of 210 m length is strongly twisted (1 800"/m) and wound on a spool of 15 cm radius. The overall diameter of the fiber is 130 pm. In this case, the twist induced circular birefringence becomes over 20 times greater than the bending induced linear birefringence [SI, [7] fib = 9"/m, which makes it possible to neglect the effect of linear birefringence. The sinusoidally alternating magnetic field is generated by the toroidal winding of 10 turns shown in Fig. 1 . The frequency of the oscillating field is 60 Hz. A Hall probe is used t o measure the magnetic field that ranged from 0 to 21 G. With this arrangement, the detected peak intensity of the reflected pulse I varies with response to the magnetic field, and it becomes I = I , sin2 OF = I, sin2 (2VLH0 sin wt) ( 3 ) where Z , is a constant, H , is the amplitude of magnetic field oscillating with frequency w = 120 n rad/s.
In Fig. 2 , the variation of detected peak intensity of a returned light pulse is shown for three different values of H,. The frequency of the detected signal is 120 Hz in agreement with (3), and there are about 83 pulses within one period of peak intensity variation. The lines that appeared inside the 0018-9197/82/0400-0455$00.75 0 1982 IEEE POTDR system used to measure the Faraday effect in singlemode fibers.
Wt (DEI31 Fig. 3 . Signal patterns calculated according to (3) for the three cases of Fig. 2. this is the case when 2VLH0 = go", and from this result the Verdet constant of this fiber is found to be I/= 0.86 X min/G . cm. This compares well with the Verdet constant of fused silica at 904 nm which is about 0.89 X lo-' min/G. cm [2] , [9] . With the conventional transmission method, the magnetic field H , required to obtain 90" rotation of polarization in this fiber would be 30 G. In Fig. 2(c) where 2VLH0 > 90°, the central dip appears, which will further develop with increasing H , as can be predicted from (3). Experimental results in Fig. 2 compare well with the calculated results of Fig. 3 .
A similar effect is observed with the backward Rayleigh scattered signal from the fiber.
In this case, the Faraday rotation becomes larger as the backscattering position in the fiber becomes farther apart from the launching end of the fiber. So, the measurement of spatial distribution of the Faraday effect along the fiber would be possible by this method [ 6 ] .
In conclusion, the Faraday rotation in a strongly twisted single-mode fiber is measured using POTDR for the first time. This new measuring technique provides increased sensitivity and convenience for practical current sensing.
